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(57) [Abstract] 

[Problems to be Solved by the Invention] 

discharged state which is stabilized under atmospheric 
pressure condition is actualizeddensely to be possible, with 
simple equipments and gas fortreatment of trace offer of 
hydrophilic treatment method of separator for thepossible fuel 
cell. 

[Means to Solve the Problems] 

With hydrophilic treatment method of separator for fuel cell 
which ambient pressure plasma discharge treatment 
doesseparator for fuel cell and densely makes feature, ambient 
pressure plasma discharge treatment,generating ambient 
pressure plasma discharge making use of electrode where 
surface whichopposes with at least one of treatment method 
or surface being treated with excitation gas whichis blown out 
from between occurrence electrode is outline same shape, fuel 
cello which uses separator which with said plasma is 
acquired with treatment method, and said treatment method 
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Claims 



[Claim(s)] 
[Claim 1] 

hydrophilic treatment method of separator for fuel cell which 
ambient pressure plasma discharge treatment does 
theseparator for fuel cell and densely makes feature. 

[Claim 2] 

ambient pressure plasma discharge treatment, is treatment 
with excitation gas which is blown out from 
betweenoccurrence electrode and hydrophilic treatment 
method of separator for fuel cell which is stated in Claim 1 
which densely is made feature. 

[Claim 3] 

ambient pressure plasma discharge treatment, generating 
plasma discharge making use of electrode where thesurface 
which opposes with at least one of separator treated surface 
for the fuel cell is outline same shape, it is a treatment with 
said plasma and hydrophilic treatment method of separator for 
fuel cell which is stated in the Claim 1 which densely is made 
feature. 

[Claim 4] 

When ambient pressure plasma discharge treatment, arranges 
solid dielectric container which provides gas blowing nozzle 
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Specification 

[0001] 

[0002] 

[ft*<Dftffi] 

JfrttfcLTI*. 1.333-1.333 x l0 4 Pa <DE*"0f 
CCD^}4-C!i, E*)A< 1.333 xl0 4 Pa 



for one electrode, opposes to this said gas blowing nozzle and 
provides other electrode, arranges theseparator for fuel cell 
between this said gas blowing nozzle and other electrode , 
from this said gas blowing nozzle discharges gas for treatment 
in continuous simultaneously, In electrode of this said one and 
between this said other electrode with the plasma discharge 
treatment method of generating plasma discharge by fact that 
imparting itdoes electric field, electric field which imparting 
is done, being somethingwhich pulsing is done between 
electrode, rise time and fall time 40 ns-100 ;mu s % and, 
electric field strength is 1 - 100 kV/cm and hydrophilic 
treatment method of separator for the fuel cell which is stated 
in Claim 2 which densely is made feature. 

[Claim 5] 

ambient pressure plasma discharge treatment, is formed with 
pair of electrodes which opposes mutually, with the state 
which arranges counterelectrode where on other hand or 
opposing surface ofboth electrode is covered with solid 
dielectric and becomes, under atmospheric pressure vicinity 
of gas atmosphere for treatment, arranges separator for fuel 
cell between counterelectrode, between counterelectrode, 
pulse rise time 20;mu s or less, pulse duration 1 - 50;mu s % 
frequency 1 - 50 KHz s electric field strength are something 
which the pulse voltage of 50- 100 kV/cm imparting is done 
and hydrophilic treatment method of theseparator for fuel cell 
which is stated in Claim 3 which densely ismade feature. 

[Claim 6] 

fuel cello which becomes making use of separator which is 
acquired andwith hydrophilic treatment method of separator 
for fuel cell which is statedin Claim 1 to 5 any one claim 
densely makes feature 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards hydrophilic treatment method and fuel 
cell with plasma discharge treatment of theseparator for fuel 
cell. 

[0002] 

[Prior Art] 

As surface treatment method of plastic and inorganic 
substance or other solid, thing is widely knownwith dry 
process which generates glow discharge plasma with pressure 
ofl.333 - 1.333 X 10 4 Pa. 

With this method, when pressure exceeds 1.333 X 10 4 Pa, 
discharge tobecome localized, to move to arc discharge, 
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because application to the plastic substrate where heat 
resistance is scanty becomes difficult, it treats under the low 
pressure of 1.333 - 1.333 X 10 4 Pa, it is necessary densely. 

[0003] 

Because as for above-mentioned surface treatment method, 
treatment with low pressure is needed, vacuum chamber, 
vacuum pumping device etc must be installed, surface 
treatment devicebecomes expensive ones, in addition, when 
large surface area substrate is treated with this method , 
because vacuum pumping device of vacuum container, high 
output of large capacity becomesnecessary, surface treatment 
device furthermore becomes expensive ones. 

In addition, when surface treatment of plastic substrate where 
water absorbancy is high isdone, because lengthy is required 
in pulling a vacuum, it has possessedalso or other problem 
where processed article becomes high cost. 

[0004] 

thin film formation method of using narrow line type 
electrode is disclosed in the Japan Examined Patent 
Publication Hei 2- 48626 disclosure . 

It is something which forms thin film on substrate by from 
porous tube to which this thin film formation method mixes 
helium or other inert gas and containing fluorine gas and 
monomer gas , possesses open pore of plural supplying to 
glow discharge plasma limits of substrate vicinity. 

[0005] 

Because this thin film production method generates glow 
discharge plasma with atmospheric pressure,cost reduction of 
equipment and facility being possible, also treatment of large 
surface area substrate becomes possible. 

But, because with this thin film production method, flat type 
electrode or curved surface electrode is jointlyused in 
treatment vessel internal, as for this equipment, more 
simplification is possible. 

But, because with present state size and shape of substrate 
arerestricted, surface treatment desired position it is not easy 
to do. 

[0006] 

In Japan Unexamined Patent Publication Hei 5-275193 
disclosure , between electrode where solid dielectric is 
arranged, mixed gas which consists of rare gas and gas for 
treatment is kept in thesending style state to one direction and 
substrate surface treatment device which generates plasma 
discharge is disclosed. 

But, because this surface treatment device is equipment which 
generates plasma discharge with atmospheric pressure state of 
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open system, you lose influence of external air, the surface 
treatment device which contacting substrate surface, when it 
does desired surface treatment, it isnecessary to let flow 
mixed gas with high speed and must continue tolet flow gas 
of large flowrate, satisfies plasma discharge you cannot say. 

[0007] 

By way, fuel cell is observed recently, as miniature electric 
generating facility for electric automobile or house. 

fuel cell designates hydrogen as fuel, when reacting with the 
oxygen in air, proton (hydrogen ion ) with movement of 
electron occurring,actualizes generation of electricity. 

This time, water forms in electrode surface which air which 
iscalled air electrode passes. 

Unless this water which occurs is removed, water 
accumulatesin fuel cell stack internal, obstructs air 
permeability of ion-exchange membrane. 

To block which separates laminated structure of fuel cell 
which is called separator in order to prevent this 
hydrophilicity is required is addeddensely. 

[0008] 

[Problems to be Solved by the Invention] 

You consider this invention, on description above, you offer 
simple hydrophilicization method of separator for fuel cell 
and fuel cell which uses the hydrophilicization separator. 

[0009] 

[Means to Solve the Problems] 

You consider this inventor, to above-mentioned problem and 
you actualizeresult of diligent research and discharged state 
which is stabilized under atmospheric pressure condition 
densely it to be possible, when plasma discharge treatment 
method is used withsimple equipment v and gas for treatment 
of trace, hydrophilic treatment is possible separator for fuel 
cell easily, you discovereddensely, completed this invention. 

[0010] 

It is a hydrophilic treatment method of separator for fuel cell 
which theseparator for fuel cell ambient pressure plasma 
discharge treatment does first (Invention of Claim 1 ) of 
namely, this invention and,densely makes feature. 

[0011] 

In addition, as for second (Invention of Claim 2 ) of this 
invention, ambient pressure plasma discharge treatment, is 
hydrophilic treatment method of separator for fuel cell which 
is stated in first invention which is a treatment with excitation 
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gas which is blown out frombetween occurrence electrode. 
[0012] 

In addition, third (Invention of Claim 3 ) of this invention, 
ambient pressure plasma discharge treatment, generating the 
plasma making use of electrode where surface which opposes 
with the at least one of separator treated surface for fuel cell is 
outline same shape, is hydrophilic treatment method of 
separator for fuel cell which is stated in the first invention 
which is a treatment with said plasma . 

[0013] 

In addition, when as for 4 th (Invention of Claim 4 ) of this 
invention, ambient pressure plasma discharge treatment, 
arranges solid dielectric container which provides gas 
blowing nozzle for one electrode, opposes to this said gas 
blowing nozzle and provides other electrode, arranges 
separator for fuel cell between this said gas blowing nozzle 
and other electrode , from this said gas blowing nozzle 
discharges the gas for treatment in continuous simultaneously, 
In electrode of this said one and between this said other 
electrode with the plasma discharge treatment method of 
generating plasma discharge by fact that imparting itdoes 
electric field, electric field which imparting is done, being 
somethingwhich pulsing is done between electrode, rise time 
and fall time 40 ns~l 00 ;mu s* and, electric field strength is 
1-100 kV/cm and it is a hydrophilic treatment method of 
separatorfor fuel cell which is stated in second invention 
which densely ismade feature. 

[0014] 

In addition, as for 5 th (Invention of Claim 5 ) of this 
invention, ambient pressure plasma discharge treatment, is 
formed with pair of electrodes which opposes mutually, with 
state which arranges the counterelectrode where on other hand 
or opposing surface of both electrode iscovered with solid 
dielectric and becomes, under atmospheric pressure vicinity 
of gas atmosphere fortreatment, arranges separator for fuel 
cell between counterelectrode,between counterelectrode, 
pulse rise time 20;mu s or less, pulse duration 1 - 50;mu s* 
frequency 1 - 50 KHz % electric field strength are something 
which pulse voltage of 50 - 100 kV/cm imparting isdone and 
it is a hydrophilic treatment method of separator for fuel cell 
which isstated in invention of third which densely is made 
feature. 

[0015] 

In addition, it is a fuel cell where 6 th (Invention of Claim 6 ) 
of this invention become makinguse of separator which is 
acquired and with hydrophilic treatment method of 
theseparator for fuel cell which is stated in invention of first 
to 5 any densely make feature. 
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[0016] 

[Embodiment of the Invention] 

As for this invention, with ambient pressure plasma discharge 
treatment , it is a method which grants hydrophilicity to 
separator for fuel cell generating plasma discharge method 
and,making use of electrode where surface which opposes on 
one hand is outline same shape with excitation gas which is 
blown out from betweenoccurrence electrode, but as ambient 
pressure plasma discharge treatment method, There is a 
method of 2 kinds of method which treats surface being 
treated with said plasma , similar hydrophilic grant is possible 
making use of any method. 

While below, referring to drawing, you explain concerning 
plasma discharge treatment method and its equipment which 
hydrophilic treatment it does separator for the fuel cell of this 
invention. 

[0017] 

Figure 1 is figure which shows cross section of one example 
of the plasma discharge treatment device which uses 
excitation gas which is blown out from between 
theoccurrence electrode. 

in the diagram* 1 displays power supply. 

2 displays electrode description above one. 

3 displays above-mentioned other electrode. 

4 displays above-mentioned solid dielectric container. 

5 displays separator for fuel cell. 

6 displays gas inlet which introduces gas for treatment into 
the solid dielectric container. 

7 displays above-mentioned gas blowing nozzle. 

8 displays one electrode and fixture which connects other 
electrode , 

[0018] 

Regarding to this invention, with state where gas for 
treatmentis introduced into above-mentioned solid dielectric 
container 4, between theabove-mentioned electrode 2 and 
above-mentioned electrode 3 by fact that imparting it does 
electric field it generates plasma discharge with solid 
dielectric container 4 internal. 

gas of solid dielectric container 4 internal is blown out from 
gas blowing nozzle 7 destined for theseparator 5 for 
above-mentioned fuel cell, component of gas fortreatment 
which excitation is done contacts surface of separator 5 for 
fuel cell in plasma state and can do treatment of separatorfor 
fuel cell. 
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Depending, relative position of solid dielectric container 4 
and separator 5 for fuel cell changing, it changes processing 
position of separator for fuel cell, it ispossible densely, 
treatment and portion designated treatment of theseparator for 
large surface area fuel cell become possible depending upon 
simple equipment, and gas for treatment of trace. 

[0019] 

As for above-mentioned power supply 1 , rise time and fall 
time being 40 ns~100 ;mu s , at same time, imparting in order 
for it to bepossible pulse electric field where electric field 
strength is 1 - 100 kV/cm, it is somethingwhich has been 
done. 

In under condition of atmospheric pressure vicinity, by 
imparting doing rise time ofabove-mentioned range and pulse 
electric field of fall time, electric field strength, discharged 
state which isstabilized is actualized is possible densely. 

This kind of pulse electric field and power supply concerning 
details it mentions later. 

[0020] 

As electrode 2 description above one and shape of other 
electrode 3 especially it is not limited, can list to other than 
flat type form inil lustration, cylinder, sphere type or other 
curved surface shape of mold etc. 

electrode 2 and other electrode 3 of 1 may be something 
which consists of metal of for example stainless steel, brass 
or other multicomponent system, to be something which 
consists of copper, aluminum or other pure metal are 
possible. 

[0021] 

It passes by center of internal, gas blowing nozzle 7 of solid 
dielectric container 4 from center of the electrode description 
above one, distance which reaches to other electrode 3 is 
decided appropriately by thickness of solid dielectric 
container 4 and thickness of material, substrate 6 and size 
etc of material, applied voltage, but it is a preferably. 
0.5-30 mm. 

When it exceeds 30 mm, high voltage becomes necessary, 
discharged state becomes easy to move to arc discharge, 
uniform surface treatment becomes difficult to do. 

[0022] 

As shape of solid dielectric container 4 which is used with 
this invention especially itis not limited, can list for example 
square, cylinder, spherical shape etc. 

[0023] 

As material of above-mentioned solid dielectric container 4, 
you can list for example polytetrafluoroethylene. 
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polyethylene terephthalate or other plastic H glass * silicon 
dioxide > aluminum oxide > zirconium dioxide s titanium 
dioxide or other metal oxide * barium titanate or other 
compound oxide etc. 

[0024] 

Especially, if solid dielectric where dielectric constant in 
under 25 deg C ring boundariesis something of 10 or more is 
used, plasma discharge of high density is generatedwith low 
voltage densely to be possible, treatment efficiency improves. 

upper limit of dielectric constant is not something which 
especially is limited. With actual material those of 1 8,500 
extent being obtainable , you canuse for this invention. 

particularly preferably dielectric constant is solid dielectric 10 
- 100. 

zirconium dioxide^ titanium dioxide or other metal 6xide N 
barium titanate or other compound oxide can be listed as 
embodiment of solid dielectric where dielectric constant is 10 
or more. 

[0025] 

titanic acid chemical compound is known as ferroelectric. 

dielectric constant differs depending upon crystal structure , it 
is a dielectric constant 80 extent with the rutile form crystal 
structure of Ti0 2 unit. 

dielectric constant approximately with 2,000 - 18,500, 
changes can do with the compound of oxide and Ti0 2 of Ba^ 
Sr s Pb, Ca. Mgs Zror other metal densely with purity and 
crystalline . 

[0026] 

On one hand, in case of above-mentioned Ti0 2 alone, because 
composition change is extreme with heating, unless use 
environment is not restricted, dependson special film 
formation method specific resistance is not acquired suitable 
film and there is a or other disadvantage where discharged 
state becomes unstable. 

Because of this containing A1 2 0 3 in comparison with 
Ti0 2 alone , theone which it uses is good. 

mixture of Ti0 2 and A1 2 0 3 , because it is a stability evenin 
thermal, ideal in regard to utility is. 

It is a metal oxide coating which is mixed with preferably % 
titanium dioxide 5-50 weight%^ aluminum oxide 50-95 
weight%. 

When ratio of aluminum oxide is under 50 weight%, arc 
discharge is likely tooccur, when it exceeds 95 weight%, high 
applied voltage with necessary in plasma discharge 
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occurrence. 

As for this kind of film, dielectric constant becomes 10-14 
extent, specific resistance 10 <sup>10extent,it is ideal as 
material of solid dielectric container of this invention. 

[0027] 

As for also, above-mentioned zirconium oxide, in case of 
alone, as for dielectric constant with approximately 12 extent , 
it is profitable in order togenerate plasma discharge with low 
voltage. 

Usually, zirconium oxide yttrium oxide (Y 2 0 3 ), calcium 
carbonate (Ca C0 3 ), adding magnesium oxide (MgO ) 
etcwithin 30 weight%, prevents blistering, contraction with 
crystal morphology change and we havebeen stabilized, 
regard to this invention and we use these, it is 
possibledensely. 

dielectric constant is decided with kind of additive and 
crystalline of the metal oxide. 

Regarding to this invention, those where zirconium oxide is 
contained 70 weight% atleast are desirable. 

for example yttrium oxide 4-20 weight% as for zirconium 
oxide coating which is added dielectric constant becomes 8 - 
16 extent, it is ideal as solid dielectric of this invention. 

[0028] 

Above-mentioned solid dielectric container 4 is something 
where one electrode 2 is arranged. 

Figure 2 S 3 is one electrode and figure which shows example 
ofarrangement of solid dielectric container. 

When solid dielectric container 4 is square, it is possible to 
surface other thansurface where gas blowing nozzle 7 is 
provided to arrange one electrode 2. 

0.03 - 30 mm are desirable as thickness of aspect of solid 
dielectric container 4 where electrode 2 of 1 is arranged. 

0.03 When it is under mm, at time of high voltage impression 
the insulation breakdown happens and arc discharge occurs, 
densely is. 

[0029] 

Above-mentioned solid dielectric container 4 is something 
which has gas inlet 6 and the gas blowing nozzle 7 . 

As shape of gas blowing nozzle 7 especially not to be limited, 
those of the for example slit. Those which consist of multiple 
holes. You can list those etc of sudden edge condition which 
solid dielectric container forms. 

Figure 4, 5, 6 is figure which shows example of gas blowing 
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nozzle 7. 

In addition, solid dielectric container of this invention other 
than shape which has the gas inlet which is shown in Figure 1, 
may be something where solid dielectric container itself has 
gas storage talent. 

[0030] 

fixture 8 of Figure 1 is other electrode 3 and something which 
canmodify interval of gas blowing nozzle 7 unrestrictedly. 

With fixture 8 , when separator 5 for for example fuel cell is 
large surface area conditionones, while keeping other 
electrode 3 and interval of gas blowing nozzle 7 uniformly, 
moving to continuous, surface treatment it does, it is 
possibledensely, when it treats only portion of separator 5 for 
fuel celI,other electrode 3 and modifying interval of gas 
blowing nozzle 7 unrestrictedly, continuous surface 
treatments partial surface treatment etc it is possible. 

However, when spacing between gas blowing nozzle 7 and 
separator 5 for the fuel cell is too long, probability which 
contacts with air to becomehigh, because treatment efficiency 
falls, caution is required. 

[0031] 

It possesses counterelectrode of pair as plasma discharge 
treatment method of generating ambient pressure plasma 
making use of electrode where surface which opposes with at 
least one of surface being treated is outline same shape, it is 
done in the equipment where solid dielectric is installed in at 
least one of opposing surface of the this said electrode. 

site where plasma occurs, when on one hand solid dielectric 
of the electrode is installed, when between solid dielectric and 
electrode , both of the electrode solid dielectric is installed, is 
space between solid dielectric. 

Arranging separator for fuel cell, which is a body being 
treated in this solid dielectric and between electrode or 
between solid dielectric it treats. 

[0032] 

As above-mentioned electrode, you can list those which 
consist of the copper* aluminum or other metal unit, 
stainless steel, brass or other alloy, intermetallic 
compound etc. 

Above-mentioned counterelectrode in order to avoid 
occurrence of the arc discharge with electric field focusing , is 
structure where distance between counterelectrode becomes 
almost fixed, it is desirable densely. 

You can list parallel flat plate type, cylinder-opposing flat 
plate type, sphere-opposing flat plate type. 
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hyperboloid-counter-flat plate type* coaxial cylinder 
structure etc as electrode structure which fills up this 
condition. 

[0033] 

It installs above-mentioned solid dielectric, in one or both of 
opposing surface of electrode. 

In this case, solid dielectric electrode side which is installed 
sticks, at same time, tries to cover opposing surface of 
electrode which touchescompletely. 

Without being covered with solid dielectric , when there is a 
site where the electrode opposes directly, is because arc 
discharge occurs from there. 

[0034] 

shape of above-mentioned solid dielectric with sheet and is 
good with film, but thickness is 0.01 - 4 mm, it is desirable 
densely. 

When it is too thick, high voltage is required in order to 
generate the plasma discharge, because when it is too thin, 
insulation breakdown happens at time of applying voltage and 
arc discharge occurs densely is, is. 

In addition it is possible also to utilize discharge which 
occursbetween counterelectrode as treatment method. 

In this case, because separator has uneven shape, when it 
treats with the electrode structure which follows to shape, it 
can prevent treatment unevenness in gap difference of treated 
surface and electrode surface. 

In this case distance of electrode and body being treated 
almost uniformity isdesirable. 

[0035] 

As material of above-mentioned solid dielectric, you can list 
polytetrafluoroethylene* polyethylene terephthalate or other 
plastic* glass* silicon dioxide* aluminum oxide* 
zirconium dioxide* titanium dioxide or other metal oxide* 
barium titanate or other compound oxide etc. 

[0036] 

In addition, as for above-mentioned solid dielectric, dielectric 
constant is 2 or more (Under 25 deg C ring boundaries, 
following similarity), it is desirable densely. 

dielectric constant polytetrafluoroethylene* glass* oxidized 
metal film etc can be listed as embodiment of dielectric of 2 
or more. 

Furthermore stabilizing plasma discharge of high density, in 
order to occur, the dielectric constant uses fixed dielectric of 
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10 or more, it is desirable densely. 

upper limit of dielectric constant is not something which 
especially is limited. With actual material those of 18,500 
extent are known. 

dielectric constant it consists of metal oxide film which 
contains metal oxide films or the zirconium oxide which are 
mixed with titanium oxide 5-50 weight%* aluminum oxide 
50-95 weight% as solid dielectric of 10 or more, it usesthose 
where thickness of coating is 10 - 1000;mu m, it isdesirable 
densely. 

[0037] 

distance between above-mentioned electrode is decided 
considering the objective etc which utilizes size* plasma of 
thickness* applied voltage of solid dielectric,appropriately, 
but they are 1 - 50 mm, it is desirable densely. 

Under 1 mm, placing spacing between electrode, it is not a 
satisfactory in order to install, is densely, when it exceeds 50 
mm, generating uniform plasma discharge, is difficult. 

[0038] 

Forming carboxyl group > hydroxy group* amino group or 
other hydrophilic functional group in substrate surface like 
below making use of oxygen element content compound* 
nitrogen element content compound* sulfur element content 
compound at time of treating theseparator for fuel cell of this 
invention, as gas for treatment, itmakes surface energy high, 
can acquire hydrophilic surface. 

[0039] 

As above-mentioned oxygen element content compound, 
oxygen* ozone* water, you canlist other than carbon 
monoxide* carbon dioxide* nitrogen monoxide* nitrogen 
dioxide and organic compound etc which contains methanol* 
ethanol or other alcohols* acetone* methylethyl ketone or 
other ketones* methanal* ethanal or other aldehydes or 
other oxygen element. 

Mixing 2 kinds or more even with alone, it is possible to use 
these. 

Furthermore, mixing oxygen element content compound and 
gas of the methane* ethane or other hydrocarbon compound, 
it is possible to use. 

In addition, hydrophilicization is promoted by adding fluorine 
element content compound of 50 volume % or less to 
above-mentioned oxygen element content compound. 

[0040] 

for example carbon tetrafluoride (CF 4 ), 6 carbon fluoride 
(C 2 F 6 ), tetrafluoroethylene (CF 2 CF 2 ), hexafluoro propylene 
(CF 3 CFC F 2 ), 8 fluoride cyclobutane (C 4 F 8 ) or other 
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fluorine-carbon compound;2 fluoromethane (CH 2 CF 2 ), 1 , 1 , 1 
and 2 - 4 fluoroethane (CF 3 CFH 2 ), 1, 1, 1 - 3 propylene 
fluoride (CF 3 CHC H 2 ) or other fluorinated hydrocarbon 
chemicalcompounds; primary salt Chemical Formula 3 carbon 
fluoride (CC1F 3 ), primary salt Chemical Formula 2 
fluoromethane (CHC 1F 2 ) or other halogen-carbon 
compound* sulfur hexafluoride (SF 6 ) or other 
fluorine-sulfur compound etc; and you canlist alcohoL 
organic acid* ketone or other fluorine substitution body etc 
as organic fluorine type gas which contains 
theabove-mentioned fluorine atom. 

Especially, from viewpoint with respect to safety, carbon 
tetrafluoride* 6 carbon fluoride * hexafluoro propylene * 8 
fluoride cyclobutane whichdoes not form hydrogen fluoride 
which is a toxic gas is used, it is desirabledensely. 

Mixing 2 kinds or more even with alone, it is possible to use 
these. 

[0041] 

As for above-mentioned organic fluorine type gas, when it is 
too little, introduction effect of oxygen-containing functional 
group to be small, when it is many, fluorine type functional 
group or water-repellent effect toappear with polymer , 
because hydrophilicization of separator is difficult toassure, 
0.1 - 50 volume% it adds in oxygen gas densely it is desirable. 

[0042] 

As above-mentioned nitrogen element content compound, you 
can list nitrogen* ammonia etc. 

Mixing nitrogen element content compound and hydrogen , it 
is possible to use. 

As above-mentioned sulfur element content compound, you 
can list sulfur dioxide* sulfur trioxide etc. 

In addition, evaporating, sulfuric acid it is possible also to 
use. 

Mixing 2 kinds or more even with alone, it is possible to use 
these. 

[0043] 

In addition, it is possible also to accumulate hydrophilic 
polymer film by treatingunder atmosphere of monomer which 
possesses hydrophilic group and polymerizable unsaturated 
bond in intramolecular. 

As above-mentioned hydrophilic group, for example hydroxy 
group* sulfonic acid group* sulfonate group* primary or 
you can list secondary or tertiary amino group* amide 
group* quaternary ammonium salt group* carboxylic acid 
group* carbonate group or other hydrophilic group etc. 
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In addition, accumulation of hydrophilicity polymer film is 
possible in same waymaking use of monomer which 
possesses polyethylene glycol chain. 

As above-mentioned monomer, you can list for example 
acrylic acid, methacrylic acid, acrylamide, 
methacrylamide, N, N- dimethyl acrylamide, sodium 
acrylate, sodium methacrylate, potassium acrylate, 
potassium methacrylate, sodium styrene sulfonate, allyl 
alcohol, allyl amine, polyethylene glycol dimethacrylic 
acid ester and polyethylene glycol di acrylic acid ester etc. 



These monomer are used, alone or mixing. 

Because above-mentioned hydrophilic monomer is solid 
generally, evaporatingthose which are melted in solvent with 
vacuum or other means , it uses. 

As above-mentioned solvent, you can list for example 
methanol, ethanol, acetone or other organic solvent, 
water, and these mixture etc. 

[0044] 

From viewpoint of economy and safety, it treats in 
atmosphere where gas for above-mentioned treatment is 
diluted with the inert gas , it is desirable densely. 

As inert gas, you can list for example helium, neon, 
argon, xenon or other rare gas, nitrogen gas etc. 

Mixing 2 kinds or more even with alone, it is possible to use 
these. 

Until recently, treatment under existing of helium was done 
inunder pressure of atmospheric pressure vicinity,, but in in 
inexpensive argon, nitrogen or other gas, if pulsing of this 
invention according to method which electric field which is 
done the imparting is done, by comparison with helium 
treatment which isstabilized is possible. 

[0045] 

gas for treatment and proportion of inert gas are 
decidedappropriately by kind of gas which is used. 

When imparting it does pulse electric field, because treatment 
is possible under atmosphere of proportion of option, if 
proportion should have beendecided from viewpoint of 
economy and safety. 

When it does not depend on electric field which pulsing is 
done, when the concentration of gas for treatment is too high, 
because plasma discharge itbecomes difficult to occur, 
concentration of gas for treatment isO.Ol - 10 volume% in 
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mixed gas of gas and inert gas for treatment, it is desirable 
densely, it is a more preferably 0.1-5 volume%. 

[0046] 

From gas blowing nozzle 7 which can provide gas for 
treatment, for the solid dielectric container 4 of Figure 1 
regarding treatment method which uses excitation gas of the 
this invention, it discharges in continuous. 

It uses combining gas for treatment of multiple kinds, dilutes 
the gas for treatment with inert gas and when it uses, 
respective gas, through general gas flow regulator which has 
not been shown in the in the diagram, regarding equipment of 
Figure 1, it is mixed, from gas inlet 6 is supplied inside solid 
dielectric container 4, In order for these mixed gas to be 
discharged from gas blowing nozzle 7, you havedone. 

[0047] 

supply amount and blowing out flow rate of gas (Diluting 
with inert gas, when it uses, it points to mixed gas of the gas 
and inert gas for treatment. Below same. ) 
forabove-mentioned treatment are decided appropriately 
separator by the distance etc between 5 for cross-sectional 
area N fuel cell of gas blowing nozzle 7 and gas blowing 
nozzle 7 . 

When cross-sectional area of for example gas blowing nozzle 
7 is 100 mm 2 , flow 5SLM is desirable as supply amount of 
gas for treatment, flow rate 8 30 mm/sec is desirable as 
theblowing out flow rate of gas for treatment. 

supply amount of gas for treatment when it increases, 
beingproportionate to that, blowing out flow rate of gas 
fortreatment increases, time when it requires in surface 
treatment isshortened. 

[0048] 

As pressure condition which does plasma discharge treatment 
method of this invention treatment which especially is not 
limited, in under pressure of atmospheric pressure vicinity 
ispossible. 

Under pressure of atmospheric pressure vicinity, it points to 
under pressure of 1.333 X 1 0 4 ~1 0.664 X 10 4 Pa. 

pressure adjustment being easy, range of 9.331 X 10 4 — 10.3 97 
X 10 4 Pa where equipment becomessimple is desirable. 

[0049] 

As for separator for fuel cell where treatment method of this 
invention isapplied, graphite was used mainly, but also those 
of stainless steel havebeen examined from aspect of mass 
productivity. 
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Inside fuel cell, separator, fuel electrode, ion-exchange 
membrane, air where hydrogen is supplied with flow path of 
lattice (oxygen ) extremely, it is something which is used with 
the stack which laminates cell of sandwich structure which 
consists of the separator where air (oxygen ) is supplied. 

Therefore, as for both surfaces of separator, because one 
surface one surface of hydrogen, another air and has become 
flow path of water which isformed with flow path which 
becomes independent, water which isformed compared to to 
flow hydrophilicity is added is necessary easilydensely for 
sake of. 

So, unless it does, water accumulates in fuel cell stack 
internal, means toobstruct air permeability of ion-exchange 
membrane. 

In addition, separator for said fuel cell air permeability of 
hydrogen and air and for flowing water which occurs has had 
relief (flow path )in surface, it is a hydrophilic treatment 
method hydrophilic treatment method of this invention 
beingsuited for also hydrophilic treatment for this kind of 
shape, at same timebeing superior in durability, 
productivity. 

[0050] 

It is possible also time when it requires in plasma discharge 
treatment to bedecided appropriately with material, mixed 
gas combination etc of size, body being treated of the 
objective, applied voltage of treatment, to treat with state 
which separator heating or cooling is done, to treat combining 
chemical pretreatment or postprocessing. 

[005 1] 

You explain below, concerning pulse electric field of this 
invention. 

Example of pulse voltage waveform is shown in Figure 7. 

waveform (a ), as for waveform (b ) impulse type, as for 
waveform (c ) pulse type, as for waveform (d ) it is a 
waveform of modulation type. 

Those where applying voltage is positive and negative 
repetition were listed to Figure 7 ,but making use of pulse of 
type which voltage imparting isdone on polarity side of any of 
positive or negative it is good. 

In addition, direct current imparting may do pulse electric 
field which superimposition isdone. 

waveform of pulse electric field in this invention is not 
limited in waveform whichis listed here, is possible to do 
modulation furthermore, making use of pulse where pulse 
waveform, rise time, frequency differs. 

As description above modulation is suitable although it treats 
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high speed continuous surface. 
[0052] 

rise time and fall time of above-mentioned pulse electric field 
are 40 ns~100 ;mu s, it is desirable densely. 

When it exceeds 100;mu s, discharged state to be easy to 
move in the arc, becomes unstable ones becomes difficult to 
actualize discharged state which is stabilized. 

In addition, case of extent plasma generation where rise time 
and the fall time are short ionization of gas is efficiently done, 
but under40 ns on facility it is difficult to actualize. 

It is a more preferably 50 ns~5 ;mu s. 

Furthermore, rise time referred to here, voltage change 
continuing, thetime when it is correct, fall time, voltage 
change continuing, point to thetime when it is a negative 
number. 

[0053] 

electric field strength of above-mentioned pulse electric field 
is 1 - 100 kV/cm, it isdesirable densely. 

When it is under 1 kV/cm, time is required for treatment too 
much,when it exceeds 100 kV/cm, arc discharge becomes 
easy to occur. 

[0054] 

frequency of above-mentioned pulse electric field is 1 
KHz~100 KHz, it is desirabledensely. 

When it is under 1 KHz, time is required for treatment too 
much, when it exceeds 100 KHz, arc discharge becomes easy 
to occur. 

In addition, one pulse electric field time when imparting it is 
done, is l;mu 1000 ;mu s, it is desirable densely. 

When it is under 1 ;mu s, discharge becomes unstable ones, 
when itexceeds 1000;mu s, becomes easy to move to arc 
discharge. 

It is a more preferably* 3 ;mu s~200 ;mu s. 

pulse electric field of above-mentioned one time when 
imparting it is done,example is shown in Figure 7, but in 
pulse electric field which consists of therepetition of ON* 
OFF, it is ON time which one pulse continues. 

With this kind of method , pulse signal where kind of rise 
time* fall time which isshown in Figure 8 is very quick can 
be acquired. 

[0055] 
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[Working Example(s)] 

Putting out Working Example below, furthermore you explain 
this invention indetail, but this invention is not something 
where are limited in only these Working Example. 

Furthermore, with Working Example below, high voltage 
pulse power supply (You use high t> research laboratory 
supplied* semiconductor element:IXYSsupplied* model 
number IXBH40N 1 60-627G ) was used. 

[0056] 

Working Example 1 

While moving below-mentioned plasma discharge treatment 
kind of device which is shownin Figure 1 which has gas 
blowing nozzle which is shown in Figure 4 using, itdid 
plasma treatment of below-mentioned condition in separator 
for the graphite fuel cell of 200 X 200 mm and did 
hydrophilic treatment . 

[0057] 

plasma discharge treatment device 

As for solid dielectric container 4 of 1 10 mm (W ) X 5 mm 
(D ) X 50 mm (H ), in inside surface of copper container 
dielectric constant alumina-based dielectric of 1 2 being 
something which flame spraying isdone in 1 mm thickness, it 
can provide gas blowing nozzle 7 of slit of gas inlet 6* side 
100 mm X vertical 1 mm, electrode 2 of copper of 100 X 30 
X 1 mm is arranged in gas blowing nozzle 7 vicinity. 

In addition, electrode 3 of copper of 100 X 30 X 1 mm of 
another in the back surface of separator 5, maintains spacing 
of electrode 2 and 10 mm andis arranged. 

In addition, it tried between blowing orifice and separator, to 
maintainapproximately 1 mm. 

[0058] 

plasma treatment condition 

mixed gas of processed gas: oxygen 1 SLM+sulfur dioxide 
OJSLM+argon 8.7SLM 

discharge condition: waveform (a ), raising/lowering time 
10 ;mu s, wave peak value 7.2 kV, frequency 10 KHz^ 
process time 5 second (Between process time it stopped, 5 
second lapses later moved blowing orifice to untreated 
portion, treated. ) 

[0059] 

As for result of analyzing surface state of separator for 
graphite fuel cell after treating with ESCA, as for amount of 
oxygen of surface as for 20 atom% x sulfur amount they were 
5 atom%. 
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In addition, static contact angle for water of separator after 
treating, the droplet it did water drop of 2;mu 1, measured 
with semiautomatic angle ofcontact meter (Kyowa Interface 
Science Co. Ltd. (DB 69-270-5080 ) supplied. CA-X150 ). 

As a result, 0 * hydrophilicization it was done to (Getting wet 
spreading state ), understood densely. 

Furthermore, processed article 0 * with, hydrophilicity had 
been maintained also static contact angle of 1 month period 
lapse later under environment of 80 deg C. humidity 95%. 

[0060] 

This, it is something where hydrophilicization is actualized by 
fact that hydrophilic group which consists of sulfone group 
and carboxylic acid group in surface with plasma treatment of 
this invention, exists, it has shown densely. 

[0061] 

Working Example 2 

graphite fuel cell separator was arranged between electrode 
which is shown in Figure 9,between electrode discharge 
treatment was done under plasma discharge treatment 
conditions below. 

In addition, in order 2 mm ago regarding whichever portion, it 
set distance of separator and between electrode. 

Here, 1 1 displays power supply in Figure 9. 

12 displays upper electrode which is a shape following type 
electrode. 

13 displays bottom electrode which is a flat type electrode. 

14 displays solid dielectric. 

15 displays separator for graphite fuel cell. 
[0062] 

plasma treatment condition 

mixed gas of processed gas: oxygen ISLM+sulfur dioxide 
0.3SLM+argon 8.7SLM 

discharge condition: waveform (a ), raising/lowering time 
10 ;mu Sv wave peak value 7.2 kV s frequency 10 KHz. 
process time 5 second 

[0063] 

As for result of analyzing surface state of separator for 
graphite fuel cell after treating with ESCA, as for amount of 
oxygen of surface as for 25 atom%. sulfur amount they were 
6 atom%. 

In addition, static contact angle for water of separator after 
treating, the droplet it did water drop of 2;mu 1, measured 
with semiautomatic angle ofcontact meter (Kyowa Interface 
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Science Co. Ltd. (DB 69-270-5080 ) supplied, CA-X150 ). 

As a result, 0 * hydrophilicization it was done to (Getting wet 
spreading state ), understood densely. 

Furthermore, processed article 0 * with, hydrophilicity had 
been maintained also static contact angle of 1 month period 
lapse later under environment of 80 deg C, humidity 95%. 

[0064] 

This, it is something where hydrophilicization is actualized by 
fact that hydrophilic group which consists of sulfone group 
and carboxylic acid group in surface with plasma treatment of 
this invention, exists, it has shown densely. 

[0065] 

Comparative Example 1 

In place of pulse electric field, other than thing which voltage 
of the sin waveform of frequency 12.2 KHz imparting is done 
it treated with as similar to the Working Example 1, but 
voltage which is necessary for discharge occurrencerequired 
1 0 kV or greater, because it was a arc discharge, lightening 
strike doing in the separator, hole opened discharged state. 

[0066] 

Comparative Example 2 

In place of pulse electric field, other than thing which voltage 
of the sin waveform of frequency 12.2 KHz imparting is done 
it treated with as similar to the Working Example 2. 

voltage which is necessary for discharge occurrence required 
10 kV or greater, became arc discharge, discharge surface in 
rain condition microscopic discharge column, the 
innumerable hole opened discharged state everywhere in 
separator. 

[0067] 

[Effects of the Invention] 

hydrophilic treatment method of this invention consists of 
above-mentioned constitution,continuous surface treatment, 
partial surface treatment etc of fuel cell separator, is done in 
uniform, with simple equipment, and gas for treatment of 
trace is possible denselyunder atmospheric pressure. 

In addition, because surface treatment process making inline 
is possible easily,easily does hydrophilicization of fuel cell 
separator, furthermore also it is possible toimprove 
adhesiveness, printing easily. 

In addition, it can correspond fuel cell which uses 
hydrophilicization separator which isacquired with treatment 
method of this invention, to capacity increase. 

[Brief Explanation of the Drawing(s)] 
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[Figure 1] 

It is a model cross section which shows example of plasma 
discharge treatment device of the this invention. 

[Figure 2] 

It is a one example figure of arrangement of solid dielectric 
container and one electrode of the plasma discharge treatment 
device. 

[Figure 3] 

It is a one example figure of arrangement of solid dielectric 
container and one electrode of the plasma discharge treatment 
device. 

[Figure 4] 

It is a one example figure of gas blowing nozzle of plasma 
discharge treatment device. 

[Figure 5] 

It is a one example figure of gas blowing nozzle of plasma 
discharge treatment device. 

[Figure 6] 

It is a one example figure of gas blowing nozzle of plasma 
discharge treatment device. 

[Figure 7] 

It is a figure of voltage waveform which shows example of 
pulse electric field of this invention. 

[Figure 8] 

It is a figure of output pulse signal which corresponds to 
operationof pulse electric field. 

[Figure 9] 

It is a schematic diagram which shows relationship between 
electrode of the plasma treatment device which is used with 
Working Example 2 and shape of body being treated. 

[Explanation of Symbols in Drawings] 

1 

power supply (high voltage pulse power supply ) 
11 

power supply (high voltage pulse power supply ) 
12 

upper electrode 
13 

bottom electrode 
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14 

solid dielectric 
15 

Separator for fuel cell 
2 

electrode of 1 
3 

Other electrode 
4 

solid dielectric container 
5 

Separator for fuel cell 
6 

gas inlet 
7 

gas blowing nozzle 
8 

fixture 
[Figure 1] 



[Figure 2] 
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[Figure 3] 



[Figure 4] 



[Figure 5] 
[Figure 6] 
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[Figure 8] 
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[Figure 7] 
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